The Oxyrase OxyPlate anaerobe incubation system was evaluated for its ability to support the growth of clinically significant anaerobic bacteria previously identified by the Anaerobe Reference Laboratory at the Centers for Disease Control and Prevention. The results were compared with those obtained with conventional anaerobe blood agar plates incubated in an anaerobe chamber. We tested 251 anaerobic bacterial strains. Plates were read at 24, 48, and 72 h; growth was scored by a numerical coding system that combines the degree of growth and the colony size. Organisms (number of strains tested) used in this study were Actinomyces (32), Anaerobiospirillum ( 
MATERIALS AND METHODS
Bacterial strains. A total of 251 clinically significant anaerobic and facultatively anaerobic strains (Table 1 ) from the culture collection of the anaerobic reference laboratory at the CDC were used to evaluate the efficacy of the OxyPlate anaerobe incubation system for culturing anaerobic bacteria. Results were compared with those obtained with conventional anaerobe blood agar plates (BAP) incubated in an anaerobe chamber.
The anaerobe chamber used in this study (Coy Laboratory Products, Inc., Grass Lake, Mich.) is a flexible glove box kept at 35 to 37°C and filled with a gas mixture of 5% carbon dioxide, 10% hydrogen, and 85% nitrogen. Before the chamber is entered, the port is automatically flushed twice with nitrogen and once with the anaerobic gas mixture. Anaerobic conditions within the chamber are indicated by a colorless methylene blue solution with chamber air bubbled slowly through it (8) . The solution turns blue in the presence of air.
All bacteria tested were either clinical isolates obtained from specimens submitted to the CDC anaerobe reference laboratory for isolation and characterization or strains from the American Type Culture Collection. In general, eight strains of each species were tested. The species chosen were the anaerobes isolated most frequently from clinical specimens. One American Type Culture Collection reference strain of each organism tested was included in the evaluation (Tables 2 to 4 ). All strains tested had been identified previously to genus and species levels by conventional reference identification methods and gas-liquid chromatography (4-6, 8, 9, 11) . Test organisms were stored lyophilized at 4°C. All lyophilized strains were subcultured a minimum of two times on CDC anaerobe BAP (Carr-Scarborough Microbiologicals, Stone Mountain, Ga.) before being used in the study. As recommended by the OxyPlate manufacturer, Bacteroides fragilis ATCC 25285 was used for the quality control testing of each new lot of test plates.
Oxyrase OxyPlates. Each OxyPlate is a self-contained anaerobe chamber in which a sealing ring in the lid of the plate rests on the agar surface to create an airtight seal. The anaerobic brucella blood agar (BBA) Oxyrase OxyPlate was evaluated in this study. BBA OxyPlates are similar to CDC BAP; both contain an enriched medium that, when incubated anaerobically, allows the growth of both obligate and facultative anaerobes. Both BBA OxyPlates and CDC BAP contain 5% (vol/vol) sheep blood for enrichment and detection of hemolysis, vitamin K 1 (required by some Porphyromonas spp.), and hemin, which enhances the growth of members of the B. fragilis group and certain other Bacteroides spp. In a closed and properly sealed plate, the Oxyrase enzyme removes oxygen from the agar medium and the confined space above the agar. Inoculated OxyPlates are inverted and incubated at 35°C in a standard, humidified, aerobic incubator. OxyPlates remain reduced during storage and normal handling. After opening and reclosing of the plate, the time required to achieve anaerobiosis inside the plate is temperature dependent. For this reason, the manufacturer recommends that OxyPlates be kept at room temperature or prewarmed to 37°C prior to being inoculated.
Anaerobiosis inside an OxyPlate can be monitored by the use of OxyBlue indicator. Following inoculation of the OxyPlate and prior to incubation, a small drop of the indicator is applied to the inside of the OxyPlate lid. The plate is inverted and incubated as usual. The change in color of the OxyBlue indicator during incubation is used as a guide to the state of anaerobiosis inside the OxyPlate. White or pale blue indicates an anaerobic condition, while blue indicates an aerobic condition.
Test procedure. Lyophilized strains were reconstituted and passed a minimum of two times on CDC anaerobe BAP in an anaerobic chamber at 35°C. After 24 to 48 h of incubation (up to 72 h for some slowly growing cocci and Actinomyces spp.), colonies from pure isolates were harvested aseptically with cotton-tipped applicator swabs and suspended in a labeled tube of Lombard-Dowell broth to a turbidity equivalent to a McFarland no. 4 standard. Three CDC anaerobe BAP and one OxyPlate were inoculated at the bench with the suspension using a sterile 0.01-ml loop. One OxyPlate and one CDC anaerobe BAP were incubated aerobically at 35°C; as required, one CDC anaerobe BAP was incubated in CO 2 at 35°C, and one CDC anaerobe BAP was incubated in an anaerobe chamber at 35°C to serve as the growth control. Plates were read at 24, 48, and 72 h. Growth was scored by a numerical coding system used at the CDC that combines the degree of growth and the colony size. Criteria for recording the degree of growth and the colony size on each agar plate were as follows: 0, no growth; 1, sparse (Ͻ30) and tiny (Ͻ1 mm) colonies; 2, sparse and small to medium (1 to 5 mm) colonies; 3, sparse and large (Ͼ 5 mm) colonies; 4, moderate (30 to 300) and tiny (Ͻ1 mm) colonies; 5, moderate and small to medium (1 to 5 mm) colonies; 6, moderate and large (Ͼ 5 mm) colonies; 7, abundant (Ͼ300) and tiny (Ͻ1 mm) colonies; 8, abundant and small to medium (1 to 5 mm) colonies; and 9, abundant and large (Ͼ5 mm) colonies.
RESULTS
We evaluated the degree of growth and the colony size of 251 anaerobic bacterial strains grown in the BBA Oxyrase OxyPlate anaerobe incubation system and compared the results with those obtained for the same organisms grown on CDC BAP incubated in a conventional anaerobe chamber.
Performance characteristics for individual strains varied. With few exceptions, after 72 h of incubation, most strains tested exhibited adequate growth in both systems to allow for further workup.
At 72 h, 176 (70.1%) of the 251 strains showed abundant growth (a rating of 7 to 9) in both systems; 37 of the remaining 75 strains showed moderate growth (a rating of 4 to 6) and 38 strains showed sparse growth (a rating of 1 to 3) or no growth (a rating of 0) in the OxyPlate system. In contrast, at 72 h, for the organisms grown on CDC BAP in a conventional anaerobe chamber, 62 strains showed abundant growth and 13 strains showed moderate growth. Table 2 shows the results for the anaerobic gram-negative bacilli. Of the 31 B. fragilis group strains tested, 19 (61.3%) showed equal growth in both systems after 24 h. At 48 and 72 h, 28 (90.3%) of the B. fragilis group strains showed equal (abundant) growth in both systems, while 1 strain (3.2%) showed sparse growth and 2 strains (6.5%) showed moderate growth in the OxyPlate system but abundant growth on CDC BAP. Of the eight nonpigmented Bacteroides group strains (B. ureolyticus) tested, after 72 h of incubation, three (37.5%) showed moderate growth, one (12.5%) showed sparse growth, and four (50%) showed no growth in the OxyPlate system; all strains showed abundant growth on CDC BAP. Repeat testing produced similar results. Likewise, only one of eight Campylobacter rectus strains and five of eight Leptotrichia buccalis strains tested showed any degree of growth on OxyPlates after 72 h of incubation. Repeat testing produced similar results.
Of the Fusobacterium strains tested, two (50.0%) of the four Fusobacterium necrophorum strains showed equal (abundant) growth in both systems after 72 h of incubation; the remaining two strains did not grow on OxyPlates. Likewise, two (25.0%) of the eight F. nucleatum strains showed equal (abundant) growth in both systems after 72 h of incubation; two of the remaining six strains showed moderate growth on OxyPlates after 72 h of incubation.
In summary, after 72 h of incubation in the OxyPlate system, 35 (46.7%) of 75 gram-negative bacilli tested exhibited abundant growth equal to that on CDC anaerobe BAP grown in the anaerobe chamber, 11 (14.7%) of 75 showed moderate growth, and the remaining 29 (38.7%) of 75 showed no growth. Table 3 shows the results for the anaerobic gram-positive bacilli. A total of 32 Actinomyces strains were tested; of these, 23 (71.9%) showed equal (abundant) growth in both systems after 48 to 72 h of incubation. A total of five (62.5%) of eight Actinomyces israelii strains tested showed only sparse growth on OxyPlates after 72 h of incubation; all eight strains showed moderate growth on CDC BAP incubated in the anaerobe chamber.
Of the 96 Clostridium strains tested, 61 (63.5%) showed equal (abundant) growth in both systems after 48 to 72 h incubation; 13 (13.5%) showed moderate growth on OxyPlates after 72 h of incubation but abundant growth on CDC anaerobe BAP. The growth of Clostridium innocuum and C. sordellii in the OxyPlate system was variable. Of the seven C. innocuum strains tested, after 72 h of incubation, two of seven (28.6%) showed abundant growth, four of seven (59.1%) showed moderate growth, and one of seven (14.3%) showed no growth on OxyPlates; seven of seven (100%) showed abundant growth on CDC anaerobe BAP. A total of nine C. sordellii strains were tested; of these, after 72 h of incubation, two of nine (22.2%) showed abundant growth, two of nine (22.2%) showed moderate growth, four of nine (44.4%) showed sparse growth, and one of nine (11.1%) showed no growth on OxyPlates; all nine strains of C. sordellii showed abundant growth on CDC anaerobe BAP. None of the eight strains of C. beijerinckii grew on OxyPlates after 72 h of incubation; however, all eight strains showed abundant growth on CDC anaerobe BAP. Among the anaerobic non-spore-forming gram-positive bacilli tested, seven of eight (87.5%) Mobiluncus curtisii subsp. holmesii strains showed equal (abundant) growth in both systems after 48 h of incubation; one strain showed moderate growth on OxyPlates after 72 h of incubation. Of 24 Propionibacterium spp. tested, after 72 h of incubation, 16 (66.6%) showed equal (abundant) growth in both systems, 5 (20.8%) showed moderate growth on OxyPlates, and 3 (12.5%) showed better growth (abundant) on OxyPlates than on CDC anaerobe BAP.
In summary, after 72 h of incubation in the BBA OxyPlate system, 110 (68.8%) of 160 gram-positive bacilli tested showed abundant growth equal to that obtained on CDC anaerobe BAP incubated in the anaerobe chamber; 25 of 160 (15.6%) showed moderate growth on OxyPlates and abundant growth on CDC anaerobe BAP, and 25 of 160 (15.6%) showed sparse growth on OxyPlates and abundant growth on CDC anaerobe BAP. Table 4 summarizes the results for the anaerobic grampositive cocci. After 72 h of incubation in the BBA OxyPlate system, 14 (87.5%) of 16 Peptostreptococcus strains tested showed abundant growth equal to that obtained on CDC anaerobe BAP grown in the anaerobe chamber; 2 strains (12.5%) showed moderate growth in the BBA OxyPlate system and abundant growth on CDC anaerobe BAP.
DISCUSSION
In this study, we evaluated the BBA Oxyrase OxyPlate anaerobe incubation system to determine its ability to support the growth of a wide variety of anaerobic bacteria and to compare results obtained with this system to those obtained with the CDC reference method of conventional anaerobe BAP incubated in an anaerobe chamber. Each OxyPlate contains an agar medium (BBA) incorporating the Oxyrase enzyme. The agar medium is reduced at the time of use and remains reduced when exposed to air due to the catalytic action of Oxyrase. OxyPlates can be opened several times throughout the culture workup, and the enzyme will continue to reduce the oxygen in the medium and the space between the lid and the agar surface. In effect, each OxyPlate, properly closed and sealed, serves as a self-contained anaerobe chamber. Whereas the anaerobic environment existing in a conventional anaerobe chamber includes a mixture of carbon dioxide, hydrogen, and nitrogen, the anaerobic environment within a properly closed OxyPlate is initially simply one devoid of oxygen. The enzyme Oxyrase specifically removes oxygen from the microenvironment but does not generate any other gas.
After an initial period of familiarization with the handling and use of OxyPlates, the reading of inoculated plates and the interpretation of test results were not difficult. A numerical coding system used at the CDC that combines the degree of growth and the colony size was used to record comparative growth and colony size obtained with the two systems.
It is generally recognized that while many different species of anaerobes can potentially be isolated from clinical specimens, the actual number of species routinely isolated is relatively small. It has been reported (7) that only five anaerobes or groups account for two-thirds of clinically significant, anaerobic infectious processes: anaerobic cocci, members of the B. fragilis group, pigmented species of Bacteroides (recently reclassified as Porphyromonas and Prevotella spp.), F. nucleatum, and C. perfringens. In our study, the Oxyrase OxyPlate system performed well in supporting the growth of these critical anaerobes as well as that of a variety of other clinically significant anaerobic bacteria.
At this point, it should be emphasized that the numerical coding system used in this evaluation to indicate the level of growth of the anaerobes tested combines both the degree of growth and the colony size. Therefore, a classification of growth as abundant (a rating of 7 to 9) indicates a degree of b 0, no growth; 1 to 3, sparse (Ͻ30/plate) and tiny (Ͻ1 mm), small to medium (1 to 5 mm), or large (Ͼ5 mm) colonies; 4 to 6, moderate (30 to 300/plate) and tiny, small to medium, or large colonies; 7 to 9, abundant (Ͼ300/plate) and tiny, small to medium, or large colonies. Continued on following page growth of Ͼ300 colonies per plate ranging in size from tiny (Ͼ1 mm) to large (Ͼ5 mm); a classification of growth as moderate (a rating of 4 to 6) indicates a degree of growth of 30 to 300 colonies ranging in size from Ͻ1 mm to Ͼ5 mm. In the clinical laboratory, this amount of growth would be sufficient to Gram stain, subculture, and otherwise characterize and identify the organisms isolated. Most anaerobic gram-positive cocci encountered in clinical specimens are Peptostreptococcus spp. As previously noted, the Peptostreptococcus strains tested grew well in the OxyPlate system; 14 of 16 (87.5%) showed abundant growth and 2 of 16 (12.5%) showed moderate growth on OxyPlates after 72 h of incubation, and all 16 strains showed abundant growth on CDC anaerobe BAP.
Similarly, the OxyPlate system performed well in supporting the growth of 31 strains of the B. fragilis group. Members of the B. fragilis group are the most commonly recovered anaerobes found in clinical specimens. Members of this group are more resistant to antimicrobial agents than most other anaerobes and exhibit species-to-species variability in both virulence and drug resistance. Therefore, it is important to be able to recover and identify these organisms. In our evaluation, 28 (90.3%) of the 31 strains of the B. fragilis group that we tested showed abundant growth, 2 (6.5%) showed moderate growth, and 1 
